PHOTON100 CMOS detector on Beamline 11.3.1 at the ALS equipped with an Oxford Cryosystems
Cryostream 800 plus. Spheres of data were collected with λ = 0.7749 Å radiation, from a channel cut Silicon [111] monochromator, at various samples temperatures and pressures. The in situ desolvation was carried out by heating 1a at 450 K under dynamic vacuum (10 -3 mbar) for 4 h. Desovlated 1a was then cooled to 273 K for data collection of the background structure. CO 2 was then charged to the cell at 1.0 bar at 273 K. Diffraction data were collected at t = 0.25, 1 and 2 hours at 273 K. Thermal parameters for adsorbed CO 2 molecules were fixed at 0.25 in all three cases and the site occupancies were refined freely against the data.
The crystallographic data and details of the refinement of the structures 1-3 are summarized in Table S1 . The thermal ellipsoid presentations of the structures of 1, 1a, 2 and 3 are provided in Fig. Tables S2-S5 . The details of the synchrotron X-ray diffraction crystallographic data and refinement of the CO 2 -loaded samples 1a are summarized in Table S6 . The interpenetration of the frameworks in 2 and 3 is shown on 
S1-S4. Selected interatomic distances and valence angles are given in
To calculate the isosteric heat of adsorption the isotherms at 273 and 298 K were used, and the S4 resultant fitting plots for 1a and 4a are shown in Fig. S19 . Henry's constants were calculated by a linear approximation of low-pressure parts of isotherms. The CO 2 and N 2 adsorption volumes at 273 K and 298 K, the calculated Henry's constants and the selectivity factors estimated using both adsorption volumes and Henry constants ratios for [Zn 2 (tdc) 2 dabco] (1a) are represented in Table S9 and for [Zn 2 (bdc) 2 dabco] (4a) in Table S10 .
The ideal adsorbed solution theory (IAST) 6 calculations were performed in order to estimate the corresponding selectivity factors at different temperatures and absolute pressures. The experimental N 2 sorption plots were approximated by the Henry equation (2):
H  , where n = sorption uptake (mL/g); K H = Henry's constant; p = pressure (torr). (2) The experimental CO 2 sorption plots were approximated by sum of Henry and Langmuir-Freundlich equation (3):
where n = sorption uptake (mL/g); p = pressure (torr); K, w, b and t = parameters. Fitting plots for 1a and 4a are presented on Fig. S20 and Fig. S21 , respectively, and the fitting parameters for the adsorption isotherms for 1a and 4a are summarized in Tables S11 and S12, respectively. The relationship between P, y i and x i (P = the total pressure of the gas phase, y i = mole fraction of the i-component in gas phase, x i = mole fraction of the i-component in absorbed state) was written according to the IAST theory 6 (4): This allowed us to calculate the relationship between the selectivity factor of the stronger absorbed component over poorer absorbed component in binary mixtures of these gases at a given pressure and temperature. The selectivity factor was determined using (5):
The relationship between molar fractions of the component in the absorbed state in 1a and in the gas phase at two temperatures (273 K, 298 K) at a gas pressure p = 1 bar are shown in Fig. S22 . Also, the dependency of the selectivity factor in 1a upon the total pressure of the gas phase for the equimolar mixture of CO 2 /N 2 was calculated at 273 and 298 K (Fig. S23) . The results of the IAST selectivity factor calculations as functions of mole fraction of CO 2 or total pressure (for equimolar CO 2 /N 2 mixture) calculations for 4a are presented on Fig. S24 .
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Gas breakthrough experiments
To evaluate the performance of [Zn 2 (tdc) 2 (dabco)] (1a) and [Zn 2 (bdc) 2 (dabco)] (4a) in the selective adsorption of CO 2 , breakthrough experiments were performed in which a flow of N 2 /CO 2 was flowed through a packed bed of 1a or 4a (approximately 3 g) with a flow of 7 ml/min of each gas at 298 K and 1.0 bar. Fig. S25 shows real-time breakthrough plots. Dimensionless breakthrough plots were calculated with the following parameters: bed diameter, d, (7 mm), bed length, L, (120 mm), flow rate (2 ml/min), bed volume (5 ml), sample mass (3.0 g), sample framework density (0.94 g/cc). The sample occupies a volume of 3.21 ml (assuming 100% purity and no framework collapse), and thus the fractional porosity of the fixed bed, ε, is calculated to be 0.359. The superficial gas velocity, u, at the entrance of the bed corresponds to 6.07e -2 m/s. The characteristic contact time between the gas and the 1a samples, εL/u = 7.10 s. The dimensionless time, τ, was obtained by dividing the actual time, t, by the contact time between the gas and the 1a sample, εL/u, i.e. τ = tu/εL.
GCMC Simulations of CO 2 in 1a were undertaken via the MuSiC software package. 7 Framework atoms were fixed at their crystallographic positions and interactions between CO 2 and the framework were described using both Lennard-Jones (LJ) and Coulombic terms. LJ parameters for the MOF were taken from the OPLS force field, 8 with the exception of Zn, which was taken from the work of Burtch et al. 9 Partial charges were calculated using the EQeq method, 10 and CO 2 was described using the TraPPE force field.
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DFT Simulations. The interaction of CO 2 with thiophene-2,5-dicarboxylate (tdc 2- ) was further explored through dispersion-corrected density functional theory calculations using the B3LYP level of theory. Optimized geometries and binding energies for CO 2 -tdc 2-were calculated using Grimme 3 dispersion correction within the QChem software package. 12 Geometry optimisations were performed using the 6-31+G* basis set. Single point energy calculations were performed using the 6-311+G* basis set, for which the basis set superposition error was corrected using the counterpoise approach.
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The DFT-optimised lowest-energy binding site for CO 2 on thiophene moiety with the charge distribution map is presented on Fig. S26 . S6   Table S1 . Crystal data and structure refinement for 1, 1a, 2 and 3. (24) ii 156.03 (7) O (13) i -Zn(2)-O (23) ii 89.20 (7) O (21)
iii 103.73 (7) O (24) ii Table S3 . Selected bond lengths and angles for 1a. Table S8 ). b Langmuir surface area. c Reported in this work. Fig. S1 . View of the structure of paddle wheel node in 1. Thermal ellipsoids are given for 50 % probability. Hydrogen atoms are omitted. ligand is terminated by methyl groups, a standard approach to deal with dangling fragments.
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